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INTRODUCTION
In West Central Argentina, in Pampa de las Lagunas
(southwestern Santa Fe and southern Córdoba provinces),
there are several lowland saline wetlands embedded in a
landscape where 70% of the area is used as grazing pas-
tures and agricultural fields (Romano et al., 2005). Many
of these shallow lakes are important habitats for two
flamingoes species, the Chilean flamingo (Phoeni-
copterus chilensis Molina) and the Andean flamingo
[Phoenicoparrus andinus (Philippii)]. The former is the
most abundant species with a meridional distribution,
ocurring from central Peru, through the Andes to southern
Argentina, Tierra del Fuego, extending eastwards to
Southern Brazil and Uruguay (Del Hoyo, 1992). As va-
grant, this species has also been found in Ecuador and in
the Malvinas (Falkland) islands. Despite its relative abun-
dance and ample distribution, this species is classified as
near threatened by IUCN (BirdLife International, 2008b)
due to several reasons, mainly disturbance and habitat
degradation.
The Andean Flamingo is a well-known inhabitant of
the saline lakes in the High Andes of Argentina and Chile
(Jenkin, 1957; Hurlbert and Chang, 1983) but compared
to the Chilean flamingo, its presence is scarce. It is con-
sidered the world’s rarest species and has been qualified
as Vulnerable according to IUCN criteria (BirdLife Inter-
national, 2008a). These flamingo species show contrast-
ing temporal and spatial patterns in the Pampean region.
The Chilean flamingo inhabits most of these lowland wet-
lands throughout the year, whereas the Andean flamingo
uses only some of them in winter (Caziani et al., 2007;
Romano et al., 2009).
Most of these shallow lakes are mostly saline, but they
differ in the level of salinity and the chemical composition
of the water (Romano et al., 2008). They also show sea-
sonal and annual variations in water salinity due to water
level fluctuations associated with annual rainfall (Romano
et al., 2008). Moreover, certain years report a so severe
drought that some of these shallow lakes have completely
dried out, and thus flamingoes have moved to larger and
deeper lakes (Romano et al., 2009). Furthermore, food
availability could also be affected by the abundance of
fish, which at least in the High Andean lakes compete for
food with the Chilean flamingo (Hurlbert et al., 1986).
Both flamingo species have specialised beaks that
allow them to filter and feed on many planktonic and ben-
thic organisms (Hurlbert, 1982). However, they show
anatomical and structural differences in their beaks
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The lowland saline shallow lakes in the Pampa de las Lagunas (Argentina), constitute an important habitat for flamingoes Phoeni-
copterus chilensis Molina and Phoenicoparrus andinus (Philippii). Little is known about the zooplankton communities of these systems,
and their relationships with the temporal and spatial distribution of flamingoes. Ten shallow lakes in the Pampean region were studied
in 2009 and 2010 winters, and in 2010 summer in order to assess the abundance, size and biomass of zooplankton and the density of
flamingoes populations. Zooplankton was represented by 28 species. Copepods and cladocerans were dominant when salinity was
lower (winter and summer of 2010). Seasonal changes were recorded in composition and mean abundance of zooplankton. Significant
differences were observed in mean size of zooplankton showing a negative relationship with the abundance of P. chilensis, which can
be interpreted as a consequence of the selective flamingoes zooplanktophagy feeding upon the largest members of this community.
Other community parameters, such as abundance, biomass, diversity and composition, did not show an apparent direct relationship
with the presence or abundance of flamingoes. 
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(Jenkin, 1957; Mascitti and Kravetz, 2002). Chilean
flamingoes have beaks with interlamellar spaces of about
0.5 mm, whereas Andean flamingoes have beaks with fil-
ters of intermediate-sized mesh with interlamellar spaces
measuring between 0.06 and 0.14 mm (Jenkin, 1957).
These anatomical and structural differences between
flamingo species suggest that they also differ in their diet.
The Chilean flamingo filter a great variety of both animal
and plant material according to some food records
(Jenkin, 1957; Mascitti and Kravetz, 2002), feeding
mainly on crustaceans (copepods, cladocerans, ostracods).
Andean flamingos mainly feed on the diatom Surirella in
lakes in the Bolivian Andes (Hurlbert and Chang, 1983).
There is some information about the abundance and com-
position of zooplankton dwelling in the High Andes salt
lakes (Hurlbert and Chang, 1983), as well as information
about the effects of flamingoes upon zooplankton, and
their interactions wih fish in the High Andes (Hurlbert et
al., 1986). However, nothing has been published about the
zooplankton of the shallow saline lowland lakes of the
Pampa de las Lagunas region (southwestern Santa Fe and
southern Cordoba provinces) and their potential relation
to the distribution of flamingoes. Therefore, to gain a bet-
ter insight about the relationship between flamingoes and
the functioning of these shallow lakes, the aim of this
work is to study the role of the zooplankton communities
as feeding sources for flamingoes taking into account that
it could be a valuable tool for developing an efficient con-
servation policy for these waterfowls. For this purpose,
we carried out three seasonal surveys of 10 shallow lakes
inhabited by flamingoes in that region, our specific obje-
tives are to assess i) the spatial and temporal variation in
composition, abundance, size and biomass of zooplank-
ton, ii) the spatial and temporal abundance patterns of the
flamingoes species, and iii) whether one of these flamin-
goes species, or both show evidence of interaction with
zooplankton.
We hypothesise, i) the predation of both flamingo
species in the shallow lakes changes the structure of the
zooplankton comunities; and ii) the abundance, richness
and body-size spectrum, of these communities decrease
as abundance of flamingoes increase. 
Description of the study area
The study was conducted in 10 shallow lakes in an
area located between 33º42’-34º18’ S and 61º25’-62º32’
W, where flamingoes were mostly continuously present
during the periods studied. Lakes Las Tunas (LT), La
Badenia (LB), Maggiolo (MA), La Picasa (LP), Bella
Vista (BV), Martín García (MG) and Carmen (CN), are
close to each other forming one group. Other more distant
lakes are Melincué (ME) and Quirno (QN), constituting
the second group, and between the two groups the shallow
lake known as Las Encadenadas (EN) lies (Fig. 1). Most
lakes of the first group have a size smaller than 20 km2,
except for LP, ME and QN with a surface of 168.34, 65.77
and 40.28 km2, respectively.
Because of their shallow nature and the free exposure
to winds in the Pampean lowland landscape, these lakes
are polymictic with an active interaction between bottom
sediments and water column. Frequently organic and in-
organic sediments are resuspended so that the turbidity of
the water is not a direct and unbiassed indicator of phyto-
plankton production.
The maximum deph of the lakes is less than 3 m, only
LP and ME have depths between 5 and 7 m. Las Tunas
and ME are tectonic in origin, while the remaining ones
are fluvial in origin (Iriondo and Krohling, 2007). Most
of these shallow lakes are located in endorheic basins, ex-
cept for EN which is, in fact, a group of interconnected
small lakes along an extended and narrow, northwest-
southeast-oriented depression, probably an old bed of an
ancient river (Iriondo and Krohling, 2007).
METHODS
Sampling was performed in winters 2009-2010 and
summer 2010. During winter 2010, due to operational
problems, samples were not taken in EN, QN and LP.
Samples and environmental measurements were taken
from shallow water similar to those of their settlement
sites (0.3-0.5 m deep) as close as possible to flamingoes
colonies. Depending on the number and location of the
flamingoes settlements, one to three sampling stations
were established in each lake. When sampling stations
were more than one, average results were used in data
analysis. Due to the shallowness of the study sites, sam-
plings and measurements were done by wading. 
Water temperature, dissolved oxygen and pH were de-
termined in situ using a multiparametric probe (Lutron
YK 2001; Lutron, Coopersburg, PA, USA). Water sam-
ples for physical-chemical analysis were taken using stan-
dard procedures (APHA, 1989). In the laboratory, the
analyses of turbidity, chemical demand of oxygen (COD),
major anions (SO4–2, Cl–1), cations (Ca+2, Mg+2, Na+1, K+1)
and nutrientes (nitrates and phosphates) were performed
according to standard analytical procedures (APHA,
1989). The salinity of the lakes was estimated per season,
using a conversion table for changing electrical conduc-
tivity into salinity, derived from the equation of Weyl
(1964). The lakes under study were classified on the basis
of their salinity according to Hammer (1986). 
Flamingoes were counted and identified to species,
using 10 x binoculars or 15/45 x spotting scopes, and
manual counters (Romano et al., 2009). Measurements of
environmental parameters, zooplankton samples and
flamingoes census were performed simultaneously. 
Quantitative zooplankton samples were taken from
mid-depth using a graduated plastic vessel (4 L max vol-
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ume) in enough numbers to make a composite pool sam-
ple of 20-30 L. The composite sample was filtered
through a 50 μm mesh net, preserved in situ with 5-10%
of buffered formalin and stained with erythosine. The gen-
eral procedure applied to the zooplankton sampling was
practically the same used by Hurlbert et al. (1984, 1986)
with a similar purpose and under similar environmental
conditions.
Zooplankton taxa were identified to the lowest taxo-
nomic rank possible using a Nikon microscope (Nikon,
Tokyo, Japan), in a 1 mL Kolkwitz cell (rotifers and nau-
plii) and a 5 mL Bogorov chamber (cladocerans, cope-
pods, including copepodits). At least 100 individuals of
the dominant species were counted. Taxonomic identifi-
cations were based on Ahlstrom (1940), Koste (1978),
Kořínek (1981, 2002), Bayly (1992), Korovchinsky
(1992), Ciros-Pérez et al. (2001), and Alekseev (2002)
among others. 
The mean body size estimates, including all zooplank-
tonic organisms, rotifers and crustaceans, were obtained
from the measurement of ten specimens randomly se-
lected of each species in every sample. Measurements
were performed under microscope using an ocular fitted
with a micrometer scale. Biomass was calculated after
Dumont et al. (1975). 
Data analysis 
A cluster analysis in the Q-mode was performed to
identify similarity between lakes, based upon the Morisita
index (Morisita, 1959), calculated on the abundance and
composition of the zooplankton. In order to explore the
existence of distinct zooplankton assemblages, we also
performed an R-mode cluster analyses of the 15 major
species (frequency >20% in at least one season) according
to Jaccard’s similarity index and a UPGMA dendrogram
constructed. For this analysis, copepod larvae, unidenti-
fied to species level, were excluded.
A Mantel test (Mantel and Valand, 1970) was used for
correlation between two similar matrices. The one-way
analysis of variance was used to analyse the differences
of zooplankton size among sampling periods. Pearson
product-moment correlation coefficient was used to
analyse the relationship between variables.
Fig. 1. Map of the studied area with locations of the lakes in the right box.
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The alpha diversity (species richness per lake, sensu
Whittaker, 1972), gamma diversity (total species diversity
per lake), beta diversity (as replacement of species) (Har-
rison et al., 1992) and specific diversity index (Shannon)
were calculated. The data analyses were performed with
software PAST (Hammer et al., 2001).
RESULTS 
Abiotic variables 
A temporal and spatial variation of the different pa-
rameters was recorded, as evidenced by the large coeffi-
cients of variation (Tab. 1).
Salinity in all the lakes under study was not constant
but variable. Lakes whose salinity levels have seasonal
fluctuations directly related to the pluviometric regime
can be defined as poikilohaline. Depending upon the
season, lakes can be referred to as hypersaline to sub-
saline. During winters 2009 and 2010, 15.4 and 3 mm
of monthly rainfall were recorded, respectively. Most
lakes were classified as hiposaline, mesohaline and hy-
persaline, while in summer 2010 with heavy pluviosity
(i.e. 215.6 mm of monthly rainfall), most of them were
subsaline or hiposaline. Mean salinities of winters were
significantly lower than those of summer (t=7.065,
P<0.0001) (Tab. 2).
The ionic composition of the lakes under study shows
that most of them were sodic-sulphated, [LB, BV, EN,
ME, MA, MG (Na>K>Ca; S04>Cl)], but in some of them
(CN + BV) the concentration of chloride was higher. A
high concentration of sulphate was recorded in LT + LB.
In contrast with the rest, MA + MG showed a higher con-
centration of calcium and magnesium. Waters were alka-
line (pH>9) and with high dissolved oxygen
concentration. The levels of nutrients as well as phyto-
plankton (Melina Devercelli, unpublished data) of these
lakes indicated eutrophic condition. 
Flamingoes
Flamingoes were found in almost all the lakes. The
cumulative number of specimens detected, in each sam-
pling season, indicates that they were more abundant in
winter 2009 (52,640 individuals) than in winter 2010
(11,835 individuals) or summer 2010 (13,678 individu-
als). The highest densities of individuals occurred in
ME, LP, CN and EN, though there were also some dif-
ferences in individual abundance among flamingo
species over the years. 
With few exceptions, Phoenicopterus chilensis was
the most abundant species, representing 17 to 100% of the
individuals in most lakes. Phoenicoparrus andinus, on the
other hand, was normally present in a small number of in-
dividuals with the exception of ME, during winter 2009,
when it reached 83% (Fig. 2). Ta
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Zooplankton 
Composition and diversity
Twenty-eight species make up the zooplankton com-
munities of lakes studied (Tab. 3), with rotifers as the
dominant group, most of them belonging to the genus
Brachionus. Cladocerans were represented by 12 species,
mainly of the genera Daphnia and Moina, and copepods
were represented by 4 species of the Boeckella and Meta-
cyclops genera. Unidentified ostracods were registered in
70% of the lakes. 
Only six species, Brachionus angularis Gosse, B.
dimidiatus Bryce, B. plicatilis Müller, Moina micrura
Kurz, Metacyclops mendocinus (Wierzejski) and
Boeckella poopoensis Marsh, were present in 60 to 90%
of the localities. The remaining species were generally
found with lower frequency. 
There was not a significant correlation between simi-
larities (Mantel test) of the three sampling periods, winter
2009-winter 2010 (r=0.32, P=0.21), winter 2009-summer
2010 (r=0.26, P=0.84), and winter 2010-summer 2010
(r=0.045, P=0.40), thus indicating that composition and
abundance differences between samplings were important.
The seasonal changes in composition of the community
were more evident for crustaceans. In summer time, Moina
wierzejskii Richard, M. macrocopa (Straus), M. micrura
and Daphnia spinulata Birabén were registered, while in
winter time they were replaced by D. menucoensis Paggi
and M. eugeniae Olivier. On the other hand, rotifers prac-
tically did not show so apparent seasonal differences.
In winter 2009, the dominant species were Brachionus
dimidiatus, Daphnia menucoensis and Boeckella
popooensis. In winter 2010, the dominant ones were Bra-
chionus angularis, B. dimidiatus, B. pterodinoides Rous-
selet, Boeckella poopoensis, and Harpacticoida. In
summer 2010, the dominant species were again B. angu-
laris, B. dimidiatus in some lakes, but in others Filinia
sp., Moina macrocopa, M. micrura, Daphnia spinulata
and Metacyclops mendocinus were the prevailing ones. 
The total number of species in each lake, alpha diver-
sity, varied in a range of 0 to 12. The mean alpha diversity
was lower in winter [3.29 (0.86)], than in summer [7.77
(0.29)], with t=3.98 and P=0.007. The gamma diversity
varied seasonally, being of 5 and 6 species in winters 2009
and 2010, and 12 in summer 2010.
The beta diversities were 7.40 and 5.55 in winters
2009 and 2010, and 5.55 in summer 2010, so that the
lakes were relatively homogeneous in composition
whithin each season. However, taking into account the
abundance of the species, the similarity varied notably
among seasons, as evidenced by the changes in cluster
groups (Fig. 3). 
The mean Shannon diversity index of each lake
ranged between 1.21 and 1.26.
Tab. 2. Classification of the lakes according to Hammer (1986).
Lake Winter 2009 Winter 2010 Summer 2010
Salinity Category Salinity Category Salinity Category
(g L–1) (g L–1) (g L–1)
EN 6 Hiposaline 1.88 Subsaline 1 Subsaline
ME 7 Hiposaline 3.6 Hiposaline 2 Subsaline
QN 6 Hiposaline 4.04 Hiposaline Subsaline
MA 18 Hiposaline 4.84 Hiposaline 3 Subsaline
CN 20 Mesosaline 12.26 Hiposaline 4 Hiposaline
LP 15.5 Hiposaline * * 9 Hiposaline
MG 23 Mesosaline 7.72 Hiposaline 5 Hiposaline
BV 22 Mesosaline 15.4 Hiposaline 8 Hiposaline
LB 42 Mesosaline 6.41 Hiposaline 5 Hiposaline
LT 132 Hypersaline 46.3 Mesosaline 8 Hiposaline
EN, Las Encadenadas; ME, Melincué; QN, Quirno; MA, Maggiolo; CN, Carmen; LP, La Picasa; MG, Martín García; BV, Bella Vista; LB, La Badenia;
LT, Las Tunas.
*No data.
Fig. 2. Flamingoes density in W.W.S., i.e. winter 2009, winter
2010, summer 2010, in the lakes (logarithmic scale).
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Abundance
A comprehensive analysis including all dates and
lakes showed that there was a group of lakes (QN+ MA
+LP + CN + LT) with mean zooplankton abundances
higher than 900 ind L–1 and another group (EN+ME+LB)
with values as low as 200 ind L–1. The mean abundance
varied seasonally: 1187 ind L–1 [coefficient of variation
(CV)=138] and 755 ind L–1 (CV=84) in winters 2009 and
2010, and 3285 ind L–1 (CV=173) in summer 2010. 
The general zooplankton abundance ranged from a
minimum of 0 ind L–1 in winter 2009 at LT, LB, BV, to a
maximum of 16,344 ind L–1 in summer 2010 at LP. 
Crustaceans (cladocerans and copepods) represented
more than 70% of the zooplankton density in 8 of the
studied lakes but they represented less than 50% in BV
and ME (Tab. 4).
Size and biomass 
The analysis of the total data of mean zooplankton size
allows to determine the existence of two groups of lakes,
one with body size smaller than 500 µm (EN, ME, QN,
MA, CN) and another with a size over than 500 µm (LP,
MG, BV, LB, LT). In winter and summer 2010, the mean
size was 544 (CV=84) and 536 µm (CV=80), respectively.
The mean size was lower and more homogeneous in win-
ter 2009, being 360 µm (CV=50). The lowest and highest
mean size was 348 μm at QN and 670 μm at LB, respec-
tively (Fig. 4). 
The mean biomass was 678 (CV=98) and 9981 µg L–1,
(CV=106) in winters 2009 and 2010, and 3176 µg L–1
(CV=224) in the summer of 2010. The values of zooplank-
ton biomass varied among lakes (Fig. 5). 
An one-way analysis of variance, where all lakes were
combined in each season, shows that there were signifi-
cant differences in the mean size of the three periods
(F=26.5, P<0.0001) and a Tukey-Kramer multiple com-
parisons post-test showed that winter 2009 was signifi-
cantly different from both summer and winter 2010
(P<0.001), while there were no differences between them
(P>0.05).
We did not find any significant correlations between
Tab. 3. List of taxa recorded in the lakes.
EN ME QN MA CN LP MG BV LB LT
Rotifera
Brachionus angularis Gosse x x x x x x x
Brachionus calyciflorus Pallas x x x
Brachionus caudatus Barrois and Daday x
Brachionus dimidiatus Bryce x x x x x x x
Brachionus plicatilis Müller x x x x x x x x
Brachionus plicatilis s.l. Müller x x
Brachionus pterodinoides Rousselet x
Filinia sp. x
Hexartha fennica (Levander) x
Lecane luna (Müller) x
Polyarthra sp. x x
Pompholix sp. x x
Copepoda
Boeckella poopoensis Marsh x x x x x x
Boeckella gracilis (Daday) x x x
Metacyclops mendocinus (Wierzejski) x x x x x x x x x
Harpacticoida x x x x x x
Cladocera
Alona sp. x
Coronatella aff. rectangula (Sars) x
Daphnia menucoensis Paggi x x x
Daphnia spinulata Birabén x x
Diaphanosoma birgei Korinek x x
Leydigia acanthocercoides s.l. Fisher x x
Moina eugeniae Olivier x x
Moina macrocopa (Straus) x
Moina micrura Kurz x x x x x x x
Moina wierzejskii Richard x x
Macrothrix sp. x x
Ostracoda x x x x x x x
EN, Las Encadenadas; ME, Melincué; QN, Quirno; MA, Maggiolo; CN, Carmen; LP, La Picasa; MG, Martín García; BV, Bella Vista; LB, La Badenia;
LT, Las Tunas.
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total zooplankton abundance or biomass and conductivity,
for all the seasons in all lakes. However, the relation be-
tween mean salinity and biomass for season was signifi-
cant (r=0.8258, P=0.0032).
A negative correlation between zooplankton mean size
and abundance of P. chilensis was found (r=-0.4702,
P=0.020). The relationship between zooplankton mean size
and P. andinus abundance was not significant (r =-0.219,
P=0.451).
DISCUSSION 
Zooplankton features
The composition of the lakes zooplankton included a
high number of cosmopolitan species in rotifer and a prat-
ically total dominance of Neotropical species in copepoods
and cladocerans of which we can mention Boeckella
poopoensis, B. gracilis Daday, Daphnia menucoensis and
Moina eugeniae as the most noticeable examples. 
Fig. 3. Faunistic similarity among lakes. QN=Quirno;
ME=Melincué; LP=La Picasa; EN=Las Encadenadas; MG=
Martín García; CN=Carmen; MA=Maggiolo; LB=La Badenia;
LT=Las Tunas; BV=Bella Vista.
Fig. 4. Mean zooplankton size (µm). Whiskers indicate standard
deviation values. EN=Las Encadenadas; ME=Melincué; QN=
Quirno; MA=Maggiolo; CN=Carmen; LP=La Picasa; MG=Martín
García; BV=Bella Vista; LB=La Badenia; LT=Las Tunas.
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The zooplankton included several species of rotifers,
which were good indicators of the salinity level of waters,
such as Brachionus angularis, B. dimidiatus, B. plicatilis
(Fontaneto et al., 2006). Several of the dominant micro-
crustaceans can also be considered as indicators of high
levels of salinity, i.e. Moina eugeniae, D. menucoensis
and B. poopoensis (Paggi, 1998; Echaniz et al., 2006).
Salinity is generally considered as a fundamental eco-
logical parameter and shaping force of the communities
features. The analysis of the species association patterns
(Fig. 2) suggests the existence of a gradient with well-de-
fined assemblages at the extremes. These assemblages are
composed of representative species related to the levels
of water salinity and also to some extent to the chemical
nature of water. 
Taking into account the chemical composition of wa-
ters, it was observed that in those lakes with higher lev-
els of sulphate (LB, LT), copepods and cladocerans were
dominant when salinity was lower (winter and summer
of 2010).
In the MG lake with high levels of Mg and Ca, the
most abundant zooplankters were copepods, though
Moina eugeniae cladoceran was also very abundant. In
North American lakes with similar chemical features, Bos
et al. (1996) reported the abundant presence of M.
hutchinsoni (Brem), a species close to M. eugeniae. In
lakes with high concentrations of chloride (BV, QN and
CN), B. angularis, B. dimidiatus and an unidentified
harpacticoid copepod were very abundant. Derry et al.
(2003) found that in Canadian shallow lakes with chloride
waters, B. plicatilis and the hapacticoid copepod Cleto-
campus sp., were the dominant species. However, it can-
not be claimed that some abundant species such as Moina
micrura and Metacyclops mendocinus should be consid-
ered indicators of a narrow range of salinity or a limited
ionic concentration because they generally show a rela-
tively wide range of tolerance (Rzóska, 1961; Alonso,
1996; Sterza and Fernández, 2006; Santangelo et al.,
2008; Brucet et al., 2009).
The low richness and high biomass of zooplankton
recorded in this study is a common feature of saline lakes
(Hurlbert and Chang, 1983; Green, 1993; Evans et al.,
1996; Williams, 1998) including those already studied in
Argentina (Echaniz et al., 2006; Echaniz, 2010).
The lakes under study, even when their zooplankton
was sampled in only three opportunities, showed a re-
markably low richness as compared with other geograph-
ically neighbouring shallow lakes belonging to the Parana
Tab. 4. Total and mean abundance of Rotifera, Cladocera and Copepoda in the lakes. 
EN ME QN MA CN LP MG BV LB LT
Rotifera (ind L–1 ) W 09 19.20 0.00 88.88 1177.78 250.00 0.00 0.00 0.00 0.00 0.00
W 10 * 4.44 * 220.00 3.33 * 58.33 896.67 16.67 150.00
S 10 61.83 131.83 204.17 61.83 171.50 4608.33 0.00 0.00 19.83 557.67
Mean 27.01 45.42 97.68 486.54 141.61 1536.11 19.44 298.89 12.17 235.89
(CV) (32) (75) (102) (604) (126) (2661) (34) (518) (11) (289)
Cladocera (ind L–1 ) W 09 0.00 20.00 1355.55 466.66 0.00 0.00 0.00 0.00 0.00 0.00
W 10 * 2.22 * 6.67 20.00 * 0.00 3.33 30.00 0.00
S 10 110.83 22.17 1597.17 0.00 17.50 0.00 72.72 3.50 81.67 1446.67
Mean 36.94 14.80 984.24 157.78 12.50 0.00 24.24 2.28 37.22 482.22
(CV) (64) (11) (861) (268) (11) (42) (2) (41) (835)
Copepoda (ind L–1 ) W 09 57.60 155.54 108.88 0.00 4850.00 719.33 1622.22 0.00 0.00 0.00
W 10 * 36.67 * 66.67 886.67 * 60.00 80.00 373.33 406.67
S 10 66.50 79.33 8.17 719.83 225.17 11,735.50 68.44 105.00 16.33 1655.67
Mean 41.37 90.51 39.02 262.17 1987.28 4151.61 583.55 61.67 129.89 687.45
(CV) (36) (60) (61) (378) (2501) (6578) (899) (55) (211) (863)
Total zooplankton (ind L–1 ) W 09 76.8 175.54 1553.31 1644.44 5100 719.33 1622.22 0.00 0.00 0.00
W 10 * 43.33 * 293.34 910 * 118.33 980 420 556.67
S 10 239.16 233.33 1809.51 781.66 414.17 16,343.83 141.16 108.5 117.83 3660.01
Mean 157.98 150.73 1681.41 906.48 2141.39 8531.58 627.24 362.83 179.28 1405.56
(CV) (73) (65) (11) (75) (120) (129) (137) (148) (121) (140)
EN, Las Encadenadas; ME, Melincué; QN, Quirno; MA, Maggiolo; CN, Carmen; LP, La Picasa; MG, Martín García; BV, Bella Vista; LB, La Badenia;
LT, Las Tunas; W 09, winter 2009; W 10, winter 2010; S 10, summer 2010; CV, coefficient of variation.
*No data.
No
n c
om
m
rci
al 
us
e o
nly
539Zooplankton characterisation of Pampean saline shallow lakes
river basin (José de Paggi and Paggi, 2007). The highest
richness was recorded at LB, with only 12 species. At
lower salinity, in general, rotifers are the dominant organ-
isms, in contrast with the enviroments with high salinity
where dominance is transferred to microcrustaceans. A
similar relationship was found by Echaniz (2010), in other
lowland saline environments of Argentina. 
The richness of the zooplankton communities of in-
land waters greatly depends on salinity along with tem-
perature, as driving factors whose effects would be ex-
erted in opposite ways (Kaya et al., 2010). In the lakes
studied here, the positive effect of temperature on the rich-
ness of zooplankton seems to be counteracted by the con-
straining effect of salinity.
The analysis of the available information as a whole,
without discriminating lakes or seasons, indicates a lack
of a statistical correlation between salinity and biomass.
However, if the same analysis is based upon the mean val-
ues of these two parameters of each of the ten lakes stud-
ied, the relationship between them is significant. 
Nonetheless, it shoud be pointed out that in winter
2009, in the lakes of higher salinity (BV, LT, LB) – with
maximum and mean values of 132 and 65 g L–1 which
probably are as high or higher than their tolerance limits –
no zooplanktonic organisms were registered. At that time,
these lakes had a very small volume of water and were in
an apparent drying process. Presumably, the species living
there had already received environmental signals triggering
the biological mechanisms producing dormant stages. 
Flamingoes and zooplankton
According to Hurlbert et al. (1986), the presence of
flamingoes is indicative of the alimentary conditions and
density of preys. Despite some differences found between
the lakes studied, they have an abundant zooplankton with
a relatively homogeneous composition, as shown by their
low beta diversity. 
Since Hrbáček et al. (1961) and Brooks and Dodson
(1965), it is widely accepted that fish predation plays a
key role in determining the zooplankton size structure of
inland waters. However, the presence of fishes was
scarcely detected only in few lakes (M. Romano, personal
observation). Most of the lakes studied, due to their insta-
bility and high salinity, are not favourable environments
for the development of permanent and abundant popula-
tions of fish, even for those halotolerant species common
in the region, such as Odontesthes bonariensis (Valenci-
ennes) and Jenynsia multidentata (Jenyns). Salinity and
changes of this abiotic factor seem to be some of the main
reasons for the absence of fishes in Pampean lakes (Menni
et al., 1988; Gómez, 1996; Gómez et al., 2007). In the
Andes of Southern Peru (3700-4700 m asl), Sick (2001)
and Hurlbert et al. (1986) found that Chilean flamingoes
are usually absent or scarce in lakes with fish and present
in large numbers where fish are absent. The dominance
of microcrustaceans in lakes agrees with the absence or
low density of fish.
There is a negative correlation between the mean size
of zooplankton and the abundance of the flamingo P.
chilensis which can be interpreted as a result of an active
zooplanktophagous behaviour biassed to feeding upon the
larger members of the community. Indeed this negative
correlation is higher when it is separately calculated be-
Fig. 5. Zooplankton biomass (µg L–1, logarithmic scale). The
size of the flamingoes population is indicated by the number of
flamingoes (i.e. 1 flamingo=<1000 individuals, 2 flamin-
goes=1000 to 7000 individuals, and 3 flamingoes >7000 indi-
viduals).
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tween the abundance of P. chilensis and of macrozoo-
plankton composed by adult crustaceans plus copepodit
of copepods. Even though the main feeding source of this
flamingo species would be algae, it is quite probable that
it may occasionally also use some smaller members of the
zooplankton as food. 
Hence, the differences observed in the mean body size
of the zooplankton could be reasonably related to the pres-
ence of flamingoes, specifically P. chilensis, which could
selectively impact on the largest members of this commu-
nity. Therefore, during winter 2009, when the abundance
of this species of flamingoes was about three times higher
than in the other two sampling periods the mean size of
zooplankton was lower. The correlation coefficient be-
tween mean size of zooplankton and abundance of flamin-
goes supports the above discussion which suggests a
negative relationship. In summer, this effect was not so
clearly observed regarding biomass probably because of
the effect of a higher abundance, higher rate of reproduc-
tion and fertility of zooplankton, during this season sup-
ported by a high primary production. In this season,
phytoplankton reached very high densities with a mean
of 43,730 cel mL–1 and maximum of 342,592 cel mL–1 in
LP (W. Polla, personal communication). Consequently, it
is probable that at that time the food avalilability for zoo-
plankton was so high that the impact of the flamingoes
feeding upon zooplankton was not easy to discern.
The high abundance of zooplankton with strong domi-
nances and the very low Shannon index values <1.5, indi-
cate eutrophy in most lakes (Margalef, 1983). Due to the
dominance of relatively large zooplankton like calanoid
copepods and Daphnia, the biomass of the lakes zooplank-
ton was high, indicating a good potential food source. It is
remarkable that in those lakes where no zooplankton was
found (LB, LT, QN), flamingoes were not present or were
found as rather small populations [<500 specimens]. 
CONCLUSIONS
Taking into account that lowland lakes in Argentina
are key habitats for vulnerable species of flamingoes all
the year round (Bucher and Curto, 2012) or especially
during winter when some of the high-Andes lakes in Ar-
gentina, Bolivia, Chile and Perú freeze (Caziani et al.,
2007), further research on zooplankton is needed. They
would be a tool for monitoring the ecological quality of
the wetlands related to the conservation biology of flamin-
goes, particularly for P. chilensis, the most abundant
species, wich can use zooplankters as a food source.
On the other hand, the need for protection of the salt
lakes as habitats and food sources for waterfowl, and as im-
portant reservoirs of biodiversity has been claimed in dif-
ferent parts of the world (Horváth et al., 2012, 2013). Water
bodies of Pampa de las Lagunas are threatened by many
anthropic activities, resulting from land use, agriculture,
livestock, with the subsequent deposition of a significant
amount of organic wastes, fertilisers and pesticides (Miglio-
ranza et al., 2003; Romano et al., 2005; Pengue, 2005; Pe-
ruzzo et al., 2008) The high concentrations of P and
phytoplankton registered are indicative of eutrophic aquatic
environments. Moreover, the high productivity of this kind
of lakes would be closely related to a sort of close cycle
flamingoes-algae-sediments and the higher solubility of
phosphorous compounds under extreme conditions of al-
kalinity (Moss, 1998). In order to protect and maintain the
environmental integrity of these lakes, it is necessary to
have a better insight into their limnological functioning as
a basis for a future conservation policy. 
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